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ABSTRACT
The broad literature documents the empirical regularity that slope of the term structure of interest
rates is a reliable predictor of future real economic activity. Steeper slopes presage increasing growth, and
downward sloping term structures presage declining growth or even recession.
Some instances of slope's misleading signals were recorded in 2006 (the term structure was flat,
indicating decline in economic activity when high growth continued) and 2008 (the term structure was
very steep, predicting economic growth when recession continued and took a deep dive). Moreover,
Breeden (2012a) showed that the term structure of interest rates has had less predictive power over the
past fifty years than has been found in earlier researches over shorter periods of time.
The key idea underlying this paper was to test whether the term structure of volatility and the
term structure of inflation combined with the term spread could improve predictions of future economic
growth compared to interest rate based forecasts with only one variable. This study finds that while the
term structure spread and volatility appear to be statistically significant variables there is little evidence
of improved performance compare to interest rate based forecasts with only one variable.
Thesis Supervisor: Douglas T. Breeden
Title: Fisher Black Visiting Professor of Financial Economics at MIT and William W. Priest Professor of
Finance and Former Dean, Fuqua School of Business, Duke University.
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1 Introduction
Forecasts of real economic activity are a critical component of many decisions. Businesses
rely on such forecasts in forming their production plans. Policymakers rely on such forecasts
when choosing the path of monetary policy or when forming the national budget. The
appropriateness of these choices depends, in large part, on the quality of the forecast. However,
despite their importance, forecasts of real economic activity can be unreliable. Forecasts based
on macroeconomic models are often hindered by the lack of timely and accurate data and the
complexity of the forecasting model. These difficulties have led to a growing interest in using
financial variables to supplement traditional model-based forecasts of real economic activity.
The advantages of these forecasts based on financial variables are that such forecasts are simple
to implement, and the data are readily available and less prone to measurement error.
The two common financial variables that are well established in the U.S. to be a predictor of
real economic activity are yield spreads and stock market returns. The link between the bond
market and real economic growth was formalized by Fisher (1907). Fisher suggested that, in
equilibrium, the one-year interest rate reflects the marginal value of income today in relation to
its marginal value next year. Kessel (1965) may have been the first to make specific reference to
the behavior of the term spreads. He pointed out that various spreads between long and short-
term rates tend to be low at the start of a recession - the business cycle peak -and high as
expansions get under way after cyclical troughs. If a recession is expected in the next few years,
there is an incentive to sacrifice income today to buy a long-the term bond that pays off during
bad times. The demand for the longer maturity bonds will bid up their price and lower their
yield. Hence, this theory implies that the current term structure spread contains information
about expected economic growth. Similarly, the price of a share of stock is discounted value of
expected cash flows and the magnitude of these cash flows is determined by the strength of the
economy. Therefore, it is intuitive that the price of stocks reflects expectations of real economic
activity.
The consumption-based asset pricing model describes the relation between the term
structure spread and the future path of economic growth in a very simple and intuitive way. The
consumption-based asset pricing model implies that the price of an asset reflects the expected
discounted value of its future payoffs, weighted by marginal utility of the consumption. The
continuous-time economic model of consumption and portfolio choice was pioneered by Merton
8
(1973), who showed that, in equilibrium ,besides investing in the market portfolio, investors
should optimally hold other portfolios that hedge against changes in the investment opportunity
set. Breeden (1979) argued that consumers' choices reflect their information about employment
opportunities and real wage growth and deliver significant information about when investment
risks are high and when they are low. He showed that Merton's Intertemporal Capital Asset
Pricing Model with multiple betas could be collapsed into the Consumption CAPM with a single
beta with regard to aggregate real consumption.
The notion that economic fluctuations have larger amplitude in bad times is not new. Many
authors have noticed that economic time series behave differently during recessions than in
expansions. Stambaugh (1988) shows that the term structure of interest rates behaves differently
in expansions and recessions. Schwert(1988) shows that standard deviation of both stock returns
and industrial production growth are higher during recessions that during expansions. Estrella
and Hardouvelis (1989,1990,1991) showed empirically that the yield curve may be used to
predict real growth in consumption, investment, and aggregate GNP, as well as NBER-dated
recessions. Breeden (2012b) developed a sophisticated model of leading indicators, with the term
spread forming part of this model. However, he emphasized that stock market returns have better
explanatory power than the term spread and constructed the model by assigning a double weight
to the information contained in the stock market returns compare to the information contained in
the term spread.
Traditionally, the stock market is assumed to contain important information about future
economic growth. Harvey (1988) found that the bond market reveals more information about
future economic growth than the stock market during the sample period he examined. Harvey's
empirical tests (1989) showed that the slope of (nominal) the term structure leads changes in
economic growth in the U.S. Steeper slopes predict increasing growth and downward sloping the
term structures predict declining growth or even recession, holding volatility constant. When
comparing the relative power of yield spreads against stock market returns, Harvey showed that
the bond market outperformed the stock market, as the bond market's slope of the term structure
of U.S. Treasury interest rates had much better explanatory power and lower forecasting errors
than stock market returns. Breeden (2012a) updated Harvey's results with 22 years of additional
data and showed that, while both stock market returns and yields spreads both are statistically
significant predictors of future economic growth, the superiority of the term spreads to stock
market returns is less obvious when it was in Harvey's in-sample period.
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My goal is to investigate the impact of two important financial variables: the term structure
of volatility of economic growth and the term structure of inflation on the risk-adjusted
performance of the term structure of interest rates as a predictor of future economic growth. I
focus on developing the forecasting model that would establish the relationship between the term
structure of interest rates, volatility, inflation and future economic growth, and on analyzing in-
sample performance of this model. I believe that this is useful exercise in that it incorporates
three major financial variables that convey different pieces of information about the general
macroeconomic risk surrounding the economic environment, which together may improve
predictive accuracy of the future economic growth.
The term structure of interest rates contains information about volatility of business cycle
and monetary policy. The term structure of stock market volatility reflects uncertainty about
future cash flows and has a direct impact on investment decisions. For example, assuming that
financial institutions are risk- averse, they might scale back their lending activities after a rise in
uncertainty, as expected collateral values might be damaged by increased capital market
volatility. In turn, less credit available in economy should lead to decreases in consumption,
investments, and gross domestic product. Inflation expectations are important both for
conducting monetary policy and for assessing the values of financial assets in real the terms.
These pieces of information are complementary and necessary to derive more accurate
picture of future movements in real macroeconomic aggregates.
This work revisits Harvey's empirical contribution , and develops new empirical evidence, and
theoretical explanations, in support of view that extended version of interest rate model which
incorporates the term structure of interest rates, the term structure of volatility and the term
structure of inflation delivers more accurate and reliable prediction of future economic growth.
The remainder of the paper is organized as follows. In Section 2, 1 discuss the theoretical
model which inspires me to conduct this research. Section 3 describes the data set and
measurement methods. Section 4 provides discussion of empirical results. Section 5 concludes.
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2 Theoretical Model
The economic relationship that real interest rates should be positively related to economic
growth has a long history, dating back to Fisher (1907). Breeden (1986) develops theoretical
frameworks and derives a simple linear relation between expected real growth and real interest
rates:
r(t,T) = p + [RRA]p,(t, T) - A ( 2t, T) (1)
2
where p = time preference, RRA = relative risk aversion coefficient, p, = expected consumption
growth from time t to T, ac2= variance of consumption growth from time I to T and r(, T) = real
interest rate from time I to T.
The underlying idea is that investors get more benefit from one dollar in a recession
(when their consumption levels are lower) than from one dollar at the peak of the business cycle
(when their consumption levels are higher). If an economic downturn is expected, people will
want to consume less and save their money for harder times. It will allow them to smooth their
consumption and provide a cushion for the time when they most need it. Investment in a zero-
coupon bond provides one example of trading consumption today for consumption in the future.
Zero-coupon bond prices in equilibrium reflect the expected marginal utility of a dollar at the
maturity of the bond (what you receive from a long-term bond), divided by the marginal utility
of a dollar today (what you pay). Holding today's consumption constant, higher consumption
growth means higher consumption at the bond's maturity and lower marginal utility then, which
is consistent with lower bond prices and higher interest rates, implying that the term structure of
interest rates contains information about investors' forecast of economic growth. So one should
expect higher (real) interest rates when there is expected to be higher (real) growth.
Stock prices, on the other hand, are often described as the risk-adjusted discounted present
value of future dividends. Current and future dividends are closely related to current and future
earnings. During a recession, there are lower earnings and hence, dividends are also lowered for
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most equities. If investors make a downward revision in their forecast of a firm's earnings (and
hence dividends) because they expect a recession, the stock price will drop. Therefore it makes
intuitive sense that real stock returns lead economic growth.
2.1 The term structure of interest rates
Following Breeden's model we can derive the linear relation between future economic
growth and real interest rate:
p 1 RRA
p(t,T)=- + rr+ o'c(t,T) (2)RRA RRA 2
This equation suggests that with high interest rates, some people may choose to cut back
their current consumption levels to save at favorable rates and build wealth for higher future
consumption; in other words, they shift their income from today to tomorrow and the interest
rates reflect the equilibrium of demand and supply for this income shifting.
The desire to shift income is driven by two major factors: investors' expectations about
their level of consumption next period and their willingness to hedge their income. The demand
for hedging will determine how closely the yield curve moves with the business cycle. The
average level of risk aversion in the economy will determine the demand for hedging. People
with high risk tolerance (or equivalently, low risk aversion) will have little desire to hedge their
consumption. These investors are indifferent if they are very rich one period and very poor in the
next period. Of course, if everybody in the economy were low in risk-aversion, then interest rates
would contain little or no information about the future path of economic growth.
However, most people are risk-averse; they have low risk tolerance and high desire to
hedge future risks. One example is different insurance policies that people routinely purchase. As
a result, today's interest rates should contain information about the future path of economic
growth. However, not every investor has the same level of risk aversion, so a critical ingredient,
which is the average level of risk tolerance, should be identified in order to obtain the forecast of
economic growth from the term structure.
Investors' expectations about their level of consumption next period will determine the
shape of the term structure of the interest rates. Suppose the economy is in the growth state and
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investors expect a significant slowdown next year. The investor's desire to protect his income in
the future will lead him to buy a financial instrument that will deliver payoffs during the
recession. Such an instrument could be a one-year riskless zero-coupon bond.
If many people are buying the one-year bond, the price of the security will be bid up and
the yield to maturity will decrease. On the other hand, to finance the purchase of the one-year
bond investors may sell shorter term assets. The selling pressure on short- term bonds will
decrease the price of the short-term securities and increase their yield.
So, expectation of recession will shift investments from short-term securities to long-term
securities, increasing short-term rates and decreasing long-term rates. As a result, the term
structure or yield curve (difference between long and short rates) will became flat or inverted.
Therefore, the shape of the term structure of interest rates today will indicate investors'
expectation about the future path of economic growth.
Harvey (1988, 1989) has implemented an interest rate-based forecasting model. The
model contains a single equation with only one forecasting variable:
AGDPt+1:t+s = + fl(TS)t + Et+5
where:
AGDP = growth in real (annual) GDP from quarter t+1 to quarter t+5;
TS = the term structure or difference between long-term and short-term annualized yields
to maturity observed at time t;
E=forecasting error;
a and f=estimated (intercept and slope) coefficients.
Notice that the theoretical model refers to real consumption growth, and that should be
the explained variable. Early in his work, Harvey (1988) used National Income and Product
Accounts (NIPA) quarterly consumption data. He mentioned many problems associated with the
N IPA consumption data, making it not credible for analysis. Later, since personal consumption is
two-thirds of GDP in the U.S. he switched to real GDP as a proxy for aggregate consumption
growth in his empirical analysis.
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The coefficients of the model were estimated by using linear regression. The presence of
overlapping GDP observations has made standard measures of statistical significance
inconsistent, and required adjustment. Harvey employed quarterly data of GDP observations, and
then two consecutive data points correspond to time periods that have three quarters in common.
To overcome this statistical issue Harvey used Newey and West's (1987) technique to get the
correct t-statistics.
The interpretation of the fl coefficient in the equation above would be the average level of
risk tolerance in the economy. Equivalently, is the average level of risk aversion in the
economy. The coefficient a represents the expected change in GDP when long-term and short-
term rates are equal.
2.2 The term structure of volatility
Normal risk aversion implies that individuals prefer to buy riskless assets versus risky
assets. This protects against an uncertain future. Therefore, in times when uncertainty about
expected returns is higher, the riskless bonds' prices might go up and their interest rates might go
down. Intuitively, the greater the uncertainty about consumption that will be optimal at time T,
the greater the value of the certain payoff provided by a bond maturing at that time. That is,
higher volatility today is consistent with lower interest rates on longer- maturity bonds.
Why does the term structure of volatility matter? Fluctuations in real interest rates as
described by (1) can be attributed to two major factors: expected economic growth and
uncertainty of that growth.
Suppose investors expect rapid economic growth for the next couple of years and then
decline, holding volatility constant; then real interest rates on short-term bonds should be high
and relatively low on long-term bonds. Thus, if the economy is believed to be entering short-
term rapid economic growth and then significant slowdown (anticipating recession), real short-
tenn rates should be high and real the term structure downward sloping. However, examining the
record of the term structure of interest rates over the past fifty years indicates that the inverted
yield curve is not always followed by recession (Figure 1). Economic uncertainty may fluctuate
considerably over the business cycle. For example, an upward sloping volatility structure
combined with flat expected growth will give a downward sloping the term structure of interest
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rates; that explains why sometimes a negative slope of the term structure of interest rates gives
false recession signals.
Figure 1 depicts real GDP change over time with a lagged two quarter yield spread
between 10 Yr Treasury Notes and 3 Months Treasury Bills. Note that this empirical test
examines nominal the term structure of interest rates versus real GDP growth. The differences
between nominal and real the term structure will be discussed later in this paper. Overall, the
term structure of interest rates delivers correct predictions for five out of six recessions during
the tested period. In recent years, the accuracy and timing of the slope of the term structure has
become more variable. The 2006 inversion of the term structure came at a time of strong global
economic growth. A possible explanation for the false signal could be the upward sloping the
term structure of volatility, meaning the long-term volatility was expected to be much higher
than the short-term volatility.
Figure 1
Recession signals predicted by term structure of interest rates:
Real GDP Growth and Lagged One-Quarter Yield Spread,
10 Yr Treasury Bond-3M Treasury Bill Yield, semiannual data Q2-1966:Q4-2011.
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Figure 2 shows a strong negative correlation between historical stock market volatility and
economic growth. Stock market volatility is short-term realized volatility, obtained through sums
of observed squared returns on S&P500 over a 22 day period (annualized) and averaged over
three months to get a quarterly data point. In 2006 the U.S. stock market hit a very low level of
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short-term volatility (10%) and then experienced a very steep jump, up to 43% in 2008, which
could be attributed to the increase in the degree of macroeconomic uncertainty.
GDP, %
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0.00
-2.00
Figure 2
Economic Growth and Stock Market Volatility:
Real GDP Growth and lagged one quarter historical volatility,
asurv Bond-3M Treasurv Bill Yield. semiannual data 02-196f:
Volatility, %
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Going back to 2006, it is plausible to assume that despite very low short-term volatility,
talk about the overheated housing market and the worsening job market spread anxiety among
investors, who may have believed that "things can only get worse from here", which caused
long-term volatility to jump up. Hence, even if expected growth is flat over time but future
uncertainty spiked, people are inclined to hedge their future income more, pushing down yields
on long-maturity bonds and resulting in a downward sloping term structure of interest rates.
Figure 3 plots the term structure of volatility based on implied volatility from option
markets. The term structure of volatility is measured by difference between 2 Yr implied
volatility and 3 Month implied volatility from S&P500 Call options. The long term implied
volatility tends to be higher than the short tern volatility over periods of expansions and lower
during recessions. For instance, during Great Recession of 2008 the slope of the term structure of
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volatility became highly negative reflecting expectations that from now on, the short term
volatility might calm down. The flat expected growth combined with strongly downward sloping
term structure of volatility may produce an upward sloping term structure of interest rates (as
flight to quality diminishes over time). In this case, the strong upward slope in the term structure
of interest rates is more of forecasted decline in volatility than an increase in short term growth.
lmpVol %:
2Yr, 3 Mo
60 r-
50
40
30
20
10
Figure 3
Term Structure of Volatility: 2 Yr and 3 Mo Implied Volatility and Slope. TSOV Slope:
Monthly Sept 2005-Aug 2011 2Yr-3Mo
- ------ - - - - - - - - - - - --- --- - -- - -----____ ________ - -- - 12
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Source: Breeden (2012)1
Bearing in mind the importance of the term structure of volatility, the next step is to
develop the term structure model that would incorporate volatility as an additional explanatory
variable.
IThe chart is based on data provided by Prof. Breeden.
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From (1), the T-period riskless rate will be positively and linearly related to the T-period
expected consumption growth, whereas it will be negatively and linearly related to the T-period
average variance rate of consumption:
[RRA]2 2
rT= p + [RRA] pcT 2 CT
Where rT denotes interest rate at time T, y1C=consumption at time T and crT=volatility of
consumption at time T.
The same as above for t-period riskless rate, where t<T (small t stands for short-term rate):
rt = p + [RRA]pct [RRA 2 2c2
Computing the term structure of interest rates by subtracting short-term rates from long-term
rates, yields the following equation:
[ RR A]z
rT - rt = [RRA](Ics 
- LCe) - 2 (a2C
Rearranging the equitation (3) yields:
1 [ RR A]
PCT - MC [RRA ] (rT - rt) + 2 (cr2 CT
-oce)
Then, the first forecasting model can be written as:
(3)
(4)
AGDPt+i:t+i+k - a + fl1 (TS)t + fz (Var) t
+ Et+i+k (5)
where:
AGDP=growth in real (annual) GDP from quarter t+i to quarter t+i+k, i=O,1 and k=2,4;
TS=the term structure or difference between long-the term and short-term annualized
yields to maturity observed at time t;
Var-variance of real economic growth or squared difference between long-term volatility
measure and short-term volatility measure at time t;
18
- zrce)
E=forecasting error;
a , 1,fl2=estimated (intercept and slopes) coefficients.
A number of simplifying steps have been made. Since volatility of the business cycle is
captured by the new variable, the intercept, alpha, is assumed to contain only the volatility of the
spread or volatility of interest rates. The short-term rates are usually government controlled;
hence, the volatility of short-term rates is determined mostly by Fed policy and does not reflect
entirely investor sentiment.
In the theoretical development of the model, the real business-cycle is matched with the
term structure of real interest rates. These real interest rates are not observable. Harvey (1988)
has shown that usually the correlation between nominal interest rates and real interest rates is
very high; therefore, he assumed that nominal interest rates are a good approximation for real
rates in implementing his empirical model.
This approximation involves two levels of inflation assumptions. First, the expected real
rate follows the 'Fisher effect', i.e. equal to the difference between nominal rates and expected
inflation. It is not necessarily true because, sometimes, nominal rates can reflect a risk premium
beyond the expected real rate deflated by expected inflation. Second, Harvey assumed that the
term structure of expected inflation is flat. In other words, the expected annualized inflation on
short-term bond is identical to the annualized inflation on the long-term bond. This assumption
could potentially account for significant model errors.
To improve the model's forecasts I incorporate the term structure of inflation in second
forecasting model (7). 1 will elaborate on this topic in the Term Structure of Inflation chapter.
What would be a proxy for variance of the consumption growth from Breeden's
theoretical relation? In his important research Breeden (2012a) derived a new variable
representing "consumer deviations" from stock market effects and showed that this variable is
significantly correlated with business cycles. He showed that consumption deviations improve
growth forecasts based upon signals given by the term structure and stock returns.
My approach is different. My insight is that implied standard deviations of stocks' returns
(from option prices) vary considerably through time and their changes could indicate turning
points in business cycles. Why is stock market volatility related to the business cycle? One
19
explanation is that stock market discounts expected future events into current prices. Thus, the
volatility of stock returns reflects uncertainty about future cash stream. From this perspective,
stock prices reflect increased uncertainty about the future course of the economy, which shows
up later in the realized growth rates of macroeconomic variables such as consumption,
investment and gross domestic product. Therefore, time varying stock volatility provides
important information about future economic behavior.
In order to model the dynamics of volatility we need to account for the clustering
property of volatility and autoregressive behavior. The clustering of volatility effect can be
interpreted in the following way: in short-term when volatility is high, it is likely to remain high
and when it is low, it is likely to remain low.
In the long run, volatility is much more stable than in the short run. Unexpected spikes of
volatility are believed to be of temporary occurrence and in the long run the volatility should
mean revert to its average levels. Fornari and Mele(2009) showed that during the last fifty years,
the S&P return volatility was 14.18%, on average annualized. Yet, during the recessions, this
volatility increased to 17.39%, 23 per cent higher than the overall average. During a booming
economy, however, this same volatility attained an average of 13.5%, a modest 4 per cent below
the overall average.
Holding long-term volatility constant, movement in short-term volatility will determine
movement of the slope of the term structure of volatility. The assumption is plausible in the
sense that the focus of this paper is more on predicting the turning point of the business cycle,
rather than precise quantitative measure of future economic activity.
The forecasting model is evaluated using three measures of short-term volatility: the
historic stock market volatility (S&P500), VIX index and Baa spread over 10 Yr Treasury
Bond.
All of these measures are known as "investor fear gauge". However, there are key
differences between them: historic stock market volatility measures the realized volatility in the
market, VIX provides a minute-by-minute snapshot of expected stock market volatility over the
next thirty calendar days and Baa spread reflects risk free 10 Yr Treasury yield and risk premium
on Baa rated corporate bond.
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First, notice that historic stock market volatility is a backward looking variable, whereas
VIX and Baa spread are forward looking variables. Second, due to the clustering property of the
volatility, the historic stock market volatility should have better fit to the model than two other
measures.
2.3 The term structure of inflation
The term structure theory primarily relates real growth to real interest rates. The term
structure of inflation, plus any premium for inflation's systematic risk, has to be added to the real
term structure to get the equilibrium nominal term structure. Thus, in examining relations of
interest rates to real growth, we must examine real interest rates. Breeden (2012a) found that the
correlations between a real interest rate slope and a nominal interest rate slope are very high:
0.73 for 2yr-3 month spread, and 0.92 for 10 yr-3 month spread).Figure 3 depicts strong positive
correlation between real and nominal 10 Year -3 month term structure slopes.
Figure 4
Nominal vs. Real 10 Year -3 Month Term Structure Slopes
Using Livingston/Philly Fed Inflation Forecasts,
semiannual data Q2-1966:Q4-2011.
3 - -- --- --- --
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The problem arises then there are significant deviations from nominal interest rate
observed and real rate implied by forecasted inflation. For example, Breeden (2012a) pointed out
that:
In Dec 2010, the 10-year nominal interest rate was approximately 3.2%, while the 3-
month Treasury bill rate was approximately 0.1%, giving a the term structure slope of
310 points. However, the December 2010 survey by the Philadelphia Federal Reserve
Bank shows that economists were forecasting inflation in December 2010 at 1.3% for the
next 6 months and 2.5% for next 10 years. Thus, the term structure of inflation had an
upward slope of 120 basis points between 6 months and 10 years. In real the terms, the 3-
month Treasury bill had a yield of approximately -1.2% and the 10-year Treasury note a
real yield of 0.7%. The slope of the term structure in real terms was only 190 basis points,
much less than 310 basis points indicated by the nominal the term structure.(p. 42)
A positive or negative term structure of inflation could account for significant model errors in
forecasting future economic growth. Incorporating the term structure of inflation may lead to
improved forecasts:
AGDPt+i.t+i+k = a + / 1 (TS)t + f 2(Var)t+/33 (Inf)t + Et+i+k
where:
AGDP=growth in real (annual) GDP from quarter t+i to quarter t+i+k, i=0,1 and k=2,4;
TS=the term structure or difference between long-the term and short-term annualized
yields to maturity observed at time t;
Var=variance of real economic growth or squared difference between long-term volatility
measure and short-term volatility measure at time t;
Inf=the term structure of inflation or difference between long-term inflation and short-
term inflation at time t;
E=forecasting error;
a ft1, fl 2 , ft3=estimated (intercept and slopes) coefficients.
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3 Data sources and Estimation issues
I investigate the predictive power of yield curve, financial volatility and inflation for future
economic activity in the United States. My data set includes time series of (i) macroeconomic
variables such as quarterly observations of real GDP index, the unemployment rate from the
OECD website, expected inflation rates from Livingston/Philly Fed survey; and (ii) financial
variables such as a Treasury securities rates (for 10 Yr, 5 Yr, 2 Yr and 3 Months) and Baa spread
from the Federal Reserve website, the stock price (total return on S&P500 index) , historic stock
market volatility and VIX from Bloomberg.
The term structure of interest rates is measured by using two differences: spread as the
difference between 10 Yr government bond yield and the yield on 3 Month Treasury Bill; and
the difference between 2 Yr government bond yield and the yield on 3 Month Treasury Bill.
As the theoretical model suggests, the term structure of volatility should be measured by the
difference between the long-term volatility and short-term volatility. Bloomberg has available
time series of implied volatility on S&P500 Call options for time horizons of 3,6,12,24 months.
However, the time series started being recorded only in August 2004, which makes it impossible
to inspect a long historical period. Instead, three other common measures of financial volatility
can be approximately used as a proxy for the slope of the volatility structure: historic stock
market volatility, VIX index and Baa spread.
The term structure of inflation is obtained using Livingston/Philly Fed survey where
semiannual data for 6 month, 12 months, 2 year and 10 year expected inflation is reported. Note
that GDP observations are available on quarterly basis, Livingston/Philly Fed data set is
semiannual and all other macro and financial data is on monthly basis.
To deal with different basis of the data and overlapping observations, I used Breeden
(2012a) approach on time aggregation: semiannual non overlapping data obtained by
constructing 2-quarter interval (Q2-Q4-Q2 and QI -Q3-Q 1) subsets.
3.1 Economic Activity
I built the empirical model with real GDP as a variable to be forecasted. I constructed two
semiannual subsets from quarterly available data on real GDP index spanning from Ql -1960 to
Q1 -2011. The first data set started at Q4-1960 and included all Q2-Q4-Q2 observations, omitting
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every other Q1 and Q3 data points. The second data set started at Q1-1961 and included Q1-Q3-
QI observations only, omitting every other Q2 and Q4 data points. Then, I created two time
series of real GDP growth over 2 and 4 quarters for each data set. The predicting power of the
term spread, volatility and inflation on economic activity was assessed at lags from zero to one
quarter interval (i = 0,1).
GDP Growth over two quarter interval, annualized
GDP Indext+i+2 ~~
AGDPt+i:t+i+2 = GDP Index+ 2 , i =GDP Indext+j
GDP Growth over four quarter interval, annualized
GDP Indext+i+4
AGDPt+j:t+j+4 = D ,de~+ i ={0,1}GDP Indext+i
where GDP Indext is the gross domestic product index as of quarter t.
Consider a model that predicts real GDP growth over two subsequent quarters. Suppose
we observe the term spread, volatility and inflation expectations as of Q2-1960, then for
predicting subsequent real GDP growth (i=0, all predictors at zero lag) we need to compute Q4-
1960 over Q2-1960 GDP growth, multiplied by two to get the per annum number. For one
quarter ahead simulation (i=l), explanatory variables, observed at Q1-1960 were matched with
two quarter real GDP growth spanning from Q2-1960 to Q4-1960.
3.2 The term Structure spread
I obtained the interest rate data from Federal Reserve website. The data used are the yields
on 3 month Treasury bills, 2 Yr, 5 Yr Treasury notes and 10 Yr Treasury bonds. The monthly
data published by Federal Reserve represent the average of daily closing rates on brokered
trades. From monthly available data I created quarterly yield data set by taking the average of
three respective months. In the same fashion as GDP data set, I split up quarterly yield data into
two subsets: Q2-Q4-Q2 and QI-Q3-Q I subsets by leaving out unnecessary quarters.
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3.3 Volatility
Volatility was estimated through the three alternative methods as elaborated earlier.
The first measure, historic stock market volatility, is standard deviations of S&P500
index returns over previous 22 days, annualized. Then, I computed the moving average of three
months volatility and matched it with GDP quarterly data by including only relevant month
computations: March, June, September and December data points. Thereafter, I divided this data
set into two subsets Q2-Q4-Q2 and Q I-Q3-Ql subset the same way as I described above.
The Baa spread was obtained from the Federal Reserve website using the difference
between yields on Moody's Baa seasoned corporate bonds and 10 Yr Treasury Bond yield. VIX
data was downloaded from the Bloomberg. Data series of VIX have started only in March 1986,
thus all regressions that involved VIX as an explanatory variable have fewer observations due to
data restrictions. Both, Baa spread and VIX published on a monthly basis, so the same process as
with stock market volatility was applied to get two data sets: Q2-Q4-Q2 and Q1-Q3-QI subsets.
3.4 Inflation
I used Livingston/Philly Fed survey to obtain the expected inflation rate. It is the oldest
continuous survey of economists' expectations. It summarizes the forecasts of economists from
industry, government, banking, and academia. It started in 1946 by Joseph A. Livingston, then an
economic columnist for the Philadelphia Record. In 1990 The Federal Reserve Bank of
Philadelphia took direct responsibility for the survey. Every June and December, the Livingston
survey asks participants to forecast a set of key macroeconomic variables, including real and
nominal GDP, inflation (both the producer price index and the consumer price index), the
unemployment rate, the three-month Treasury bill, interest rate, the interest rate on 30-year
Treasury bonds, and the S&P 500 stock index.
The slope of the term structure of inflation is defined as:
Inft = 10 Year Exp. Inf lationt - 6 month Exp. Inflationt
One problem associated with this data is that only from 1990 the forecast for 10 year inflation
became available. Before that, only 2 year and 1 year were the long-term inflation forecasts. For
my simulation I interpolated 10 year inflation forecasts from two and one-year available
forecasts. Another problem is that Livingston/Philly Fed survey is based on December-June-
December periods that matches perfectly Q2-Q4-Q2 subset but is not a good fit for Q1-Q3-Q l
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subset. Finally, according to Fisher (1907), the expected real interest rate is the difference
between the nominal interest rate and the expected inflation rate. Thus, in theory, each time
series of nominal interest rates should be matched with the time series of expected inflation with
the same maturity. However the survey gives the short-term expected inflation only for a six
month period, whereas the short-term yield is a 3 month Treasury bill.
4 Empirical Results
I discuss empirical results in two blocks. The first block is a forecasting model of economic
growth applied to lagged set of financial variables such as the term spread, volatility and
inflation. The second block is implementation of forecasting model on the same set of variables
but without the lags. The rationale for examining these two blocks is as follows.
The majority of people are risk-averse and they tend to hedge their future income to
smooth consumption, hence financial instruments reflect investors' expectations regarding the
future path of economic growth. The question is how much time will it take to these expectations
to come true? Does the term structure of interest rates, volatility and inflation as of today better
reflect future economic growth starting from today (zero-lag) or ,maybe, from one-quarter
ahead, bearing in mind that it takes time for economy to adjust to new financial conditions ?
Harvey (1988) suggests that the current period term structure of interest rates is a better predictor
of one quarter ahead economic growth over four subsequent quarters. I regressed GDP growth on
one quarter lagged predictors and on zero lagged predictors to address this question.
4.1 One quarter lagged predictors:
The regressions listed in Tables 4-7 report forecasts of GDP growth over two different
horizons: two quarter growth and four quarter growth with different sets of financial variables.
Table 4 and Table 5 depict forecasts of two quarter GDP growth using the term spread and
volatility as predictors in table 4 and the term spread, volatility and inflation as predictors in
table 5.
Table 6 and Table 7 are arranged in same manner as tables 4 and 5 and show predictions of
four quarter GDP growth.
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The sample for these regressions spans the period from March 1960 to March 2011,
excluding regressions with VIX as a volatility measure. As I explained above VIX began to be
available only in March 1986; therefore, all regressions that incorporate VIX cover the period
from March 1986 to March 2011.
The results indicate that R-squared from the regressions range from 3% to 20 %,
depending on the measures of the term spread and volatility that were employed, as well as on
forecasting horizon. The R-squared from the regression equation measures the proportion of
variation in real GDP growth that is explained by the predictor variables. For example, the R-
squared of 2Q and 4Q GDP growth, regressed on 1OY spread and VIX , is only 3%, indicating
that today's 10 year yield spread and volatility as measured by VIX explain very little of the
changes in real GDP growth over the following two or four quarters.
While the R-squared statistics provides an indication of the explanatory power of the
predictors variables that used to forecast real GDP growth, the coefficients of predictors in the
regressions measure how much real GDP growth changes following a one percentage point
change in the predictor variable. Estimates of coefficients from the regressions will hence
provide an indication of the economic significance of independent variables tested as predictors
of future economic growth. A positive coefficient implies positive relationship between the
predictor variable and future economic growth. A positive monotonic relationship can be seen
between the term structure spread and future economic growth as expected in theory.
At all regressions volatility is negatively related to future economic activity. This pattern
seems to be consistent across all predicting horizons and, also, within two blocks of lagged and
non-lagged predictors. It agrees with the theoretical model due to the fact that we ignored long-
term volatility and made the predictions only on short-term volatility, which should be negatively
correlated to the changes in economic activity according to equation (4).
The most powerful results obtained from regressing real GDP growth on the term spread
and volatility as measured by historic stock market volatility (three month moving average). I
find that two predictors, based on the term structure spread and the financial volatility, explain
about 20% of growth for both 2Q and 4Q GDP growth. The t-stat significance of the term
spread and historic volatility is striking: for both forecasting horizons , regardless of using 1OYr
yield spread or 2Yr yield spread as a measure of the term spread, all t-stats of the term spread
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and historic stock market volatility are more than 3, which is statistically significant at 95%
confidence interval.
Interestingly, adding inflation as a leading indicator (Table 5 and Table 7) does not
improve the predicting power of the model and the predictor appears to be insignificant in all
regressions. The possible explanation for it could be that the Livingston/Philly survey of
expected inflation has been conducted semiannually in June and December each year, so
essentially it corresponds with Q2-Q4-Q2 subset. In order to forecast real GDP growth, which
was estimated from Q2-Q4-Q2 subset, all predictors were taken from Q1-Q3-Q1 subset to
match one quarter lag. Consequently, the Livingston/Philly survey data does not fit well the
timing match of my research. The second explanation could be measurement error. As I stated
previously the 1OYr inflation forecast became available only in 1990, so interpolations that have
been made may limit the accuracy of the predictions.
4.2 Zero lagged predictors:
Tables 8-11 sum up the results of forecasting future economic activity using current period
financial variables. Tables 8 and 9 provide forecasts for 2Q real GDP growth using different sets
of independent variables. Tables 10 and 11 report 4Q real GDP growth predictions.
The results are easily summarized. Utilizing zero lag predictors I could not find any
improvement in predicting power of the term structure spread, volatility and inflation. Still, all
R-squared of the regressions range between 6%-20%. The same patterns, as elaborated earlier,
are observable in these regressions: positive relationship between the term structure slope and
economic growth, negative relationship between volatility and economic growth, historic
volatility and the term spread are most significant predictors, inflation variable does not seem to
add much to the predictive ability of the model.
4.3 Comparison to Harvey's results
It was highly important to confirm Harvey's empirical model results using non-
overlapping semiannual data, in contrast to the overlapping quarterly data used by Harvey. If his
results cannot be replicated in a semiannual non overlapping data set, the data credibility might
be questioned.
Table 1 reports regressions results of a simple forecasting model with one independent
variable: the term spread. Regression outcome indicates 1 OY yield curve spread can explain 44%
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of 4Q economic growth and 2Y yield curve spread can explain 30% of 4Q economic growth at
the predictive ability of the stock market and bond market.
These findings are in line with Harvey's results. Harvey compared the predictive ability of
the bond market and the stock market. He found that the bond market was able to explain 44% of
variance in economic growth, whereas the stock market had little power to explain future
economic growth.
Breeden (2012a) added 22 years of data to Harvey's data set and re-estimated Harvey's
forecasting model. He showed that the term structure of interest rates is much less effective in
forecasting over the full sample than it was in the period that Harvey examined. Table 3 confirms
Breeden's findings. The predicting power of the term spread alone decreased from 44% during
1966-1989 period to about 20% over full sample 1966-2010.
My findings suggest that adding volatility or inflation to the term structure of interest rates
as predictors of future economic growth does not improve the predictive ability of the forecasting
model. However, volatility appeared to be an important component of forecasting model as it
statistically significant across all regressions. Clearly, stock market volatility affects investment
decisions in the real sector of the economy. The specific accuracy of these predictions depends
on the particular measures employed, as well as on the estimation and prediction periods. The
poor perfonnance of seemingly strong variables may be explained by difficulties of estimating
the parameters of the relationship in advance, when the full data sample is unknown. These kinds
of difficulties can significantly reduce or even eliminate the forecast improvements suggested by
adding into the model potentially strong variables.
4.4 Extended discussion
My analysis which includes only in-sample forecast has one major disadvantage: it allows
the forecasts to depend on data that were not available at the time of the forecast. As a result, the
empirical results of the previous sections may provide a misleading indication of the true ability
of the yield spread, volatility and inflation to forecast future economic growth. To provide a
check on the usefulness of these predictors, out-of-sample forecasts of real GDP growth should
be estimated. To conduct in-sample and out-of sample testing, the data set available could be
split up. For example, running regression for in-sample data 1960-1990 and then for out-sample
data could give a better sense of the predictive ability of the model. The quality of the out-of-
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sample forecasts can be evaluated using the RMSE statistic. The RMSE provides an estimate of
the out-of-sample forecast error, and hence measures the accuracy of the forecast.
One interesting point is to check the forecasting power of the term spread, volatility and
inflation combined together in international markets outside the U.S. It would be a better way of
getting more meaningful results, and strengthen the argument that the ability of the term spread,
volatility and inflation to predict future economic growth may be stronger or weaker in some
types of countries compared to others, depending on their level of economic development, depth
of their financial markets and the legislation governing these markets.
Another suggestion is to incorporate stock market returns as one more explanatory variable
that could possibly pick up the part of unexplained variation in real GDP growth.
My final suggestion is to run these tests on other alternative measures of real economic
activity, for example industrial production and unemployment rate. These measures are also of
high concern to market participants. Because different measures of real economic activity may
produce different forecasts of real economic growth, the ability of the yield spread, volatility and
inflation to predict real economic growth may be sensitive to the measure of economic growth in
the forecasting model. Similarly, it could be good practice to run in and out-of-sample tests on
the data and evaluate the usefulness of yield spreads, volatility and inflation variables in
predicting future changes in the different measures of economic activity.
5 Conclusion
In this research I examine the usefulness of various financial variables in predicting future
economic growth across different forecast horizons. Accumulated experience with the
forecasting power of the yield curve suggests that it is much more than a passing phenomenon.
The key idea underlying this paper was to test whether the term structure of volatility and the
term structure of inflation combined with the term spread could improve predictions of future
economic growth compared to interest rate based forecasts with only one variable. The
assumption was that based on Consumption CAPM, volatility might encode some useful
information about the development of business cycle and inflation should be taken into account
to mitigate possible deviations from real interest rates. I find little evidence of improved
performance. However, this evidence does not necessarily imply that volatility and inflation have
no absolute predictive power, only that the values of the parameters are difficult to estimate and
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they are not stable. Theory suggests (Breeden 1986) that there is a persistent predictive
relationship between financial variables and future real output, though the precise parameters
may change over time. Since yield curve inversions and economic recessions correspond to
extreme values of these variables, a connection between them may be helpful in the detection of
the future changes in economic activity even if parameters change over time. Thus, although
each inversion of the yield curve was not always followed by recession, it should definitely raise
warning flags about future economic growth.
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Table 1: Summary Statistics
Summary Statistics: Q1-Q3-Q1 subset
Variable
2Q subsequent GDP Growth
4Q subsequent GDP Growth
10 Yr Spread
2 Yr Spread
VIX
Baa spread
Volatility 3m Mo Avg
Time span
03/1960-03/2011
03/1960-09/2010
03/1960-03/2011
03/1960-03/2011
03/1960-03/2011
03/1960-03/2011
03/1960-03/2011
Summary Statistics: Q2-Q4-Q2 subset
Variable Time span No. obs. Mean Std. dev
2Q subsequent GDP Growth
4Q subsequent GDP Growth
10 Yr Spread
2 Yr Spread
VIX
Baa spread
Volatility 3m Mo Avg
Inflation
06/1960-06/2011
06/1960-12/2010
06/1960-06/2011
06/1960-06/2011
06/1986-06/2011
06/1960-06/2011
06/1960-06/2011
06/1960-06/2011
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No. obs.
103
102
103
103
51
103
103
Mean
3.08
3.10
1.46
0.83
21.31
1.89
13.47
Std.
dev
2.98
2.46
1.25
0.65
7.79
0.78
6.48
103
102
103
103
51
103
103
103
3.06
3.12
1.50
0.84
19.71
1.95
14.09
0.33
2.85
2.43
1.32
0.69
6.67
0.83
8.18
0.50
Table 2: Lagged term structure Slope as a Leading Indicator - Confirming Harvey results
(1966-1989)
This table reports regressions result of simple interest rate based forecasting model at the period
of Harvey's empirical tests (Q2-1966: Q2-1989) using semiannual data:
AGDPt+l:t+l+k = a + /3(TS)t + Et+1+k k={2,41
Dependent variable -real change in GDP was measured over two periods: two quarter intervals
and four quarter intervals. The term structure of interest rates was evaluated using two spreads:
difference between 10 year and three month Treasury yields and difference between 2 year and
three months Treasury yields.
Predictor a b R2
Regression data on 2 quarters GDP growth (47 observations):
10Y Spread 1.53 1.27 33%
t-stat 3.05 4.71
2Y Spread 1.33 1.81 22%
t-stat 2.07 3.61
Regression data on 4 quarters GDP growth (47 observations):
10Y Spread 1.64 1.21 44%
t-stat 4.31 5.97
2Y Spread 1.45 1.72 30%
t-stat 2.86 4.37
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Table 3: Lagged term structure Slope as a Leading Indicator -Extended Period (1966-2010)
This table provides out of sample forecasts of economic growth using the same forecasting
model as at Table 1. These findings are in line with Breeden (2012a) research which has shown
that the term structure slope is much less effective in forecasting over the full sample than it was
in the 1966-1989 period that Harvey examined.
Predictor a b R2
Regression data on 2 quarters GDP growth (91 observations):
10Y Spread 1.73 0.70 11%
t-stat 4.11 3.33
2Y Spread 1.38 1.65 17%
t-stat 3.23 4.24
Regression data on 4 quarters GDP growth (90 observations):
10Y Spread 1.70 0.75 17%
t-stat 4.90 4.30
2Y Spread 1.41 1.64 23%
t-stat 4.01 5.14
34
Table 4: Lagged term Structure Slope and Volatility as Leading Indicators-Predicting Two
Quarter Growth, full sample.
Forecasts of Two Quarter real GDP change (t+1 to t+3)
Control variable: 10Yr Yield Spread
Predictors Coeff t-stat R2
Period: 03/1986-03/2011 ,51 observations
Alpha
10Y Yield Spread
VIX
Period: 03/1960-03/2011 ,103 observations
Alpha 3.81
0.9310Y Yield Spread
Baa spread -1.11 -2.76
Period: 03/1960-03/2011 ,103 observations
Alpha 4.12 6.37 18%
10Y Yield Spread 0.65 3.11
Volatility 3m Mo Avg -0.15 -3.70
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3.32
0.14
-0.05
3.21
0.49
-1.17
5.43
3.72
13%
Table 4-continued
Forecasts of Two Quarter real GDP change (t+1 to t+3)
Control variable: 2Yr Yield Spread
Predictors Coeff t-stat R2
Period: 03/1986-03/2011,51 observations
Alpha 2.56 2.35 8%
2Y Yield Spread 1.01 1.62
VIX -0.04 -0.90
Period: 03/1960-03/2011,103 observations
Alpha 2.98 4.08 12%
2Y Yield Spread 1.50 3.58
Baa spread -0.61 -1.73
Period: 03/1960-03/2011 ,103 observations
Alpha 3.75 5.41 18%
2Y Yield Spread 1.27 3.21
Volatility 3m Mo Avg -0.13 -3.23
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Table 5: Lagged term Structure Slope, Volatility and Inflation as Leading Indicators-
Predicting Two Quarter Growth, full sample.
Forecasts of Two Quarter real GDP change (t+1 to t+3)
Control variable: 10Yr Yield Spread
Predictors Coeff t
Period: 03/1986-03/2011 ,51 observations
-stat R2
Alpha 3.06 3.03 11%
10Y Yield Spread -0.17 -0.54
VIX -0.05 -1.25
Inflation 1.77 2.06
Period: 03/1960-03/2011 ,103 observations
Alpha 3.82
10Y Yield Spread 0.84
Baa spread -1.12
Inflation 0.40
Period: 03/1960-03/2011 ,103 observations
Alpha
10Y Yield Spread
Volatility 3m Mo Avg
Inflation
4.13
0.56
-0.15
0.40
5.43 13%
2.90
-2.77
0.61
6.36
2.19
-3.70
0.62
18%
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Table 5-continued
Forecasts of Two Quarter real GDP change (t+1 to t+3)
Control variable: 2Yr Yield Spread
Predictors Coeff t-stat R2
Period: 03/1986-03/2011 ,51 observations
Alpha
2Y Yield Spread
VIX
Inflation
Period: 03/1960-03/2011 ,103 observations
Alpha 3.11 4.22 13%
2Y Yield Spread 1.31 2.92
Baa spread -0.72
0.72Inflation
-1.99
1.20
Period: 03/1960-03/2011 ,103 observations
Alpha
2Y Yield Spread
Volatility 3m Mo Avg
Inflation
2.38
0.64
-0.04
1.27
12%2.20
0.98
-1.08
1.58
3.77
1.08
-0.13
0.61
19%5.44
2.49
-3.33
1.08
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Table 6: Lagged term Structure Slope and Volatility as Leading Indicators- Predicting
Four Quarter Growth, full sample.
Forecasts of Four Quarter GDP change (t+1 to t+5)
Control variable: 1OYr Yield Spread
Predictors Coeff t-stat R2
Period: 03/1986-09/2010 ,50 observations
Alpha
10Y Yield Spread
VIX
2.19
0.29
-0.01
2.38
1.12
-0.15
Period: 03/1960-09/2010 ,102 observations
Alpha 3.45
0.8910Y Yield Spread
5.85
4.22
Baa spread -0.85 -2.52
Period: 03/1960-09/2010,102 observations
Alpha 3.56 6.46
10Y Yield Spread 0.67 3.75
Volatility 3m Mo Avg -0.10 -3.04
39
3%
15%
18%
Table 6-continued
Forecasts of Four Quarter GDP change (t+1 to t+5)
Control variable: ZYr Yield Spread
Predictors Coeff t-stat R2
Period: 03/1986-09/2010 ,50 observations
Alpha
2Y Yield Spread
VIX
Period: 03/1960-09/2010 ,102 observations
Alpha
2Y Yield Spread
Baa spread
Period: 03/1960-09/2010,102 observations
Alpha
2Y Yield Spread
Volatility 3m Mo Avg
1.38
1.28
0.01
11%1.45
2.36
0.29
2.67
1.44
-0.40
15%4.35
4.09
-1.33
3.18
1.29
-0.08
18%5.38
3.83
-2.47
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Table 7: Lagged term Structure Slope, Volatility and Inflation as Leading Indicators-
Predicting Four Quarter Growth, full sample.
Forecasts of Four Quarter GDP change (t+1 to t+5)
Control variable: 10Yr Yield Spread
Predictors Coeff t-stat R2
Period: 03/1986-09/2010 ,50 observations
Alpha 1.98
10Y Yield Spread 0.06
VIX -0.01
Inflation 1.40
9%2.17
0.23
-0.21
1.77
Period: 03/1960-09/2010 ,102 observations
Alpha 3.46 5.85 16%
10Y Yield Spread 0.81 3.30
Baa spread -0.86
Inflation 0.40
Period: 03/1960-09/2010 ,102 observations
Alpha 3.57
10Y Yield Spread 0.58
Volatility 3m Mo Avg
Inflation
-0.10
0.40
-2.54
0.72
6.46
2.69
-3.05
0.73
18%
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Table 7-continued
Forecasts of Four Quarter real GDP change (t+1 to t+5)
Control variable: 2Yr Yield Spread
Predictors Coeff t-stat R2
Period: 03/1986-09/2010 ,50 observations
Alpha 1.27 1.34 14%
2Y Yield Spread 0.98 1.68
VIX -0.01 0.12
Inflation 1.00 1.35
Period: 03/1960-09/2010 ,102 observations
Alpha 2.79 4.51 16%
2Y Yipld Spread 1.26 3.34
Baa spread -0.49 -1.60
Inflation 0.66 1.28
Period: 03/1960-09/2010 ,102 observations
Alpha 3.21 5.43 19%
2Y Yield Spread 1.10 2.98
Volatility 3m Mo Avg -0.09 -2.59
Inflation 0.60 1.21
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Table 8: Zero Lag term Structure Slope and Volatility as Leading Indicators-Predicting
Two Quarter Growth, full sample.
Forecasts of Two Quarter real GDP change (t to t+2)
Control variable: 1OYr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-06/2011 ,51 observations
Alpha 3.98 3.90 7%
10Y Yield Spread 0.16 0.62
VIX -0.09 -1.84
Period: 06/1960-06/2011 ,103 observations
Alpha 4.51 6.71 16%
10Y Yield Spread 0.80 3.57
Baa spread -1.35 -3.81
Period: 06/1960-06/2011 ,103 observations
Alpha 3.98 6.89 15%
10Y Yield Spread 0.51 2.51
Volatility 3m Mo Avg -0.12 -3.66
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Table 8-continued
Forecasts of Two Quarter real GDP change (t to t+2)
Control variable: 2Yr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-06/2011 ,51 observations
Alpha
2Y Yield Spread
VIX
Period: 06/1960-06/2011 ,103 observations
Alpha 4.02 5.55 11%
2Y Yield Spread 1.00 2.55
Baa spread -0.93 -2.79
Period: 06/1960-06/2011 ,103 observations
Alpha
2Y Yield Spread
Volatility 3m Mo Avg
3.66
0.78
-0.09
10%3.58
1.42
-1.92
3.90
0.84
-0.11
14%6.37
2.20
-3.39
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Table 9: Zero Lag term Structure Slope, Volatility and Inflation as Leading Indicators-
Predicting Two Quarter Growth, full sample.
Forecasts of Two Quarter real GDP change (t to t+2)
Control variable: 10Yr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-06/2011 ,51 observations
Alpha 3.97 3.98 13%
10Y Yield Spread -0.10 -0.35
Vix -0.10 -2.16
Inflation 1.67 1.87
Period: 06/1960-06/2011 ,103 observations
Alpha 4.60 6.81 17%
10Y Yield Spread 0.65 2.51
Baa spread -1.41 -3.94
Inflation 0.74 1.14
Period: 06/1960-06/2011 ,103 observations
Alpha 4.02 6.94 16%
10Y Yield Spread 0.37 1.49
Volatility 3m Mo Avg -0.12 -3.74
Inflation 0.63 0.97
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Table 9- continued
Forecasts of Two Quarter real GDP change (t to t+2)
Control variable: 2Yr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-06/2011 ,51 observations
Alpha 3.59 3.55 14%
2Y Yield Spread 0.51 0.90
Vix -0.10 -2.25
Inflation 1.31 1.61
Period: 06/1960-06/2011 ,103 observations
Alpha 4.33 5.88 14%
2Y Yield Spread 0.67 1.56
Baa spread -1.13 -3.27
Inflation 1.15 1.81
Period: 06/1960-06/2011 103 observations
Alpha 3.97 6.49 15%
2Y Yield Spread 0.57 1.34
Volatility 3m Mo Avg -0.12 -3.59
Inflation 0.83 1.38
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Table 10: Zero Lag term Structure Slope and Volatility as Leading Indicators- Predicting
Four Quarter Growth, full sample.
Forecasts of Four Quarter GDP change (t to t+4)
Control variable: 10Yr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-12/2010 ,50 observations
Alpha
10Y Yield Spread
VIX
Period: 06/1960-12/2010 ,102 observations
Alpha
10Y Yield Spread
Baa spread
Period: 06/1960-12/2010 ,102 observations
Alpha
10Y Yield Spread
Volatility 3m Mo Avg
3.643.32
0.26
-0.06
6%
1.10
-1.44
3.93
0.78
-1.01
17%6.90
4.13
-3.36
3.43
0.56
-0.08
15%6.96
3.27
-2.93
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Table 10-continued
Forecasts of Four Quarter GDP change (t to t+4)
Control variable: 2Yr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-12/2010 ,50 observations
Alpha
2Y Yield Spread
ViX
Period: 06/1960-12/2010 ,102 observations
Alpha
2Y Yield Spread
Baa spread
Period: 06/1960-12/2010,102 observations
Alpha
2Y Yield Spread
Volatility 3m Mo Avg
3.00
0.90
-0.06
10%3.27
1.84
-1.44
3.35
1.19
-0.63
14%5.51
3.60
-2.27
3.22
1.07
-0.07
15%6.18
3.32
-2.59
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Tablell: Zero Lag term Structure Slope, Volatility and Inflation as Leading Indicators-
Predicting Four Quarter Growth, full sample.
Forecasts of Four Quarter GDP change (t to t+4)
Control variable: 1OYr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-12/2010 ,50 observations
Alpha 3.29
10Y Yield Spread 0.00
VIX -0.07
Inflation 1.63
Period: 06/1960-12/2010 ,102 observations
Alpha 4.01
10Y Yield Spread 0.66
Baa spread -1.06
Inflation 0.61
Period: 06/1960-12/2010 ,102 observations
Alpha 3.47
10Y Yield Spread 0.45
Volatility 3m Mo Avg
Inflation
-0.08
0.50
13%
18%
15%
3.73
-0.01
-1.78
2.04
6.99
3.00
-3.49
1.10
7.00
2.14
-3.01
0.90
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Table 11-continued
Forecasts of Four Quarter real GDP change (t to t+4)
Control variable: 2Yr Yield Spread
Predictors Coeff t-stat R2
Period: 06/1986-12/2010 ,50 observations
Alpha 2.92 3.27 16%
2Y Yield Spread 0.62 1.24
VIX -0.08 -1.85
Inflation 1.36 1.91
Period: 06/1960-12/2010 ,102 observations
Alpha 3.58 5.78 16%
2Y Yield Spread 0.94 2.59
Baa spread -0.79 -2.70
Inflation 0.87 1.63
Period: 06/1960-12/2010 ,102 observations
Alpha 3.27 6.28 16%
2Y Yield Spread 0.87 2.38
Volatility 3m Mo Avg -0.08 -2.77
Inflation 0.64 1.25
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